Abstract -A number of floods have been observed in the Slovak Republic in recent years, thereby raising awareness of and concern about flood risks. The paper focuses on the trend detection in the annual maximum discharge series in the Vah River basin located in Slovak Republic. Analysis was performed on data obtained from 59 gauging stations with minimum lengths of the observations from 40 years to 109 years. Homogeneity of the time series was tested by Alexandersson test for single shift at 5% level of significance. The Mann-Kendall trend test and its correction for autocorrelated data by Hamed and Rao (1998) were used to analyse the significance of detected changes in discharges. The series were analysed at different lengths of 40, 50, 60 years and whole observation period. Statistically significant rising and decreasing trends in the annual maximum discharge series were found in different regions of the Vah River catchments.
INTRODUCTION
A number of floods have been observed around Europe in recent decades, which have raised awareness of and concerns about flood risks. The observation and detection of changes in long-term hydrological time series is important for scientific and practical reasons, especially when designing water management structures.
There is a need to understand hydrological processes on small and also large temporal and spatial scales, land-atmosphere interactions, land use and climate change impacts (Szolgay, 2011) . Further Blöschl et al. (2007) discuss the scales of climate variability and land cover change impact on flooding. In the note they debate, that climate change impact is likely to occur at large scales and to be consistent in both small and large catchments and regions, while land cover change is usually a local phenomenon, which effects are decreasing at larger spatial scale. Therefore the major driving forces behind hydrological phenomenons can vary depending on the factor and spatial scale Many studies dealing with analyses of trends concerning floods have been published; many of them have found decreasing or increasing trends in their magnitudes and occurrences, and many have also found no changes (Strupczewski et al. 2001 , Xiong -Guo 2004 , Delgado et al. 2010 , Armstrong et al. 2012 , Rougé et al. 2013 . The Mann-Kendall test (Kendall 1975 , Kliment et al. 2011 , Armstrong, 2012 ) is widely used in engineering hydrology to detect trends. When the data do not follow the normal distribution or are autocorrelated, authors have suggested the use of test corrections (Douglas et al. 2000 , BurnHag Elnur 2001 , Zhang et al. 2001 , Yue et al. 2002 , Lang 2012 , Seoane -Lopez 2007 , Danneberg 2012 . Strupczewski et al. (2001) investigated trends in 70-year-long observations of the annual maximum flows of Polish rivers. A decreasing tendency in the mean and standard deviations of annual peak flows was found with the use of the maximum likelihood method for estimating parameters and the Akaike Information Criterion for identification of an optimum model. Xiong and Guo (2004) tested maximum annual discharge series, including the mean annual maximum of the Yangtze River during a 120-year-long time period. No significant trend at the 5% significance level was found by the use of the Mann-Kendall test and Spearman's rho at the tested station. Delgado et al. (2010) examined over 70-year-long annual maximum discharge series from 4 gauging stations in the Mekong river in Southeast Asia with use of Mann Kendal test, ordinary least squares with resampling and non-stationary generalised extreme value functions. The results of the study pointed out increasing likelihood of extreme floods during the last half of century. They also concluded that the absence of detected positive trends was a result of methodological misconception due to simplistic models. Armstrong et al. (2012) analysed peak over threshold data with a recorded average period of 71 years. An increasing trend was found with the use of the Mann-Kendall trend test in 22 stations out of the 23 investigated, and a hydroclimatic shift towards a rising number of flood occurrences was found. Rougé et al. (2013) studied trend and step-change detection methods in hydrological time series (rainfall, river flows) and applied a combined Mann- Kendall and Pettitt test (1979) on 1217 data sets in the United States during the years 1910-2009. In Slovakia, a long-term annual time series was investigated by Pekarova et al. (2008) . In a IHP UNESCO report (Pekarova et al., 2008) , daily discharges of the Danube River from 1976-2005 were analysed, and a rising tendency was detected, but no change was found in the annual and monthly time series. The Mann-Kendall trend test was used in Tegelhoffova (2012) to detect trends in the average annual and monthly discharges in Slovak rivers. However, no thoughtful trend analysis of annual maximum discharges in Slovak catchments has been provided. This paper focuses on a time series analysis and significance assessment of trends detected in annual maximum discharge series in the Vah River catchment in the Slovak Republic and the lessons learned concerning the occurrence of extreme discharges in the Vah River catchments. The paper is organised as follows: methodology, input data description, results and discussion, and conclusions.
METHODS
In engineering hydrology, time series analysis usually operates under the assumption of homogeneity, stationarity and independence of time series. Homogeneity in the time series can be tested by Alexandersson test (Alexandersson -Moberg 1997) , which is able to detect abrupt changes in analysed data set. We used Alexandersson test (Standard normal homogeneity test, SNHT) for single shift programmed in AnClim software (Stepanek 2007) .
The significance of monotonic linear trend present in the time series is possible to assess by Theil (1950) and Sen (1968) slope defined as:
where β is the estimate of slope of the trend and x j is value of observation from j= 1...l. Positive value of β reveals increasing trend, negative value is sign of decreasing trend. Changes in a trend can be detected by a rank-based, non-parametric Mann-Kendall trend test for monotonic trends (WMO 2000) .
The test statistic S equals to (Yue et al. 2012 ):
where x j are the values of the data; n is the length of the time series and
In case the time series has n≥8, the statistic S has and almost normal distribution, and its variance is computed as:
where g is the number of tied groups, and t p is the amount of data with the same value in the group p=1...g. The normalised test statistic Z:
If the normalised test statistic Z is equal to zero, the data are normally distributed, and the positive values of Z mean a rising trend and negative a decreasing trend (Yue et al. 2012 ).
The p-value is computed as:
If the data are not independent a correction of the MK trend test should be used. Autocorrelation can influence the results of the analysis (Lang 2012 , Yue et al. 2002 . Hamed and Rao (HR) (1998) correction addresses the issue of autocorrelation in the time series. The modified MK equation for any variance is:
where VAR(S) is a variance from the original MK test (4); n is the length of the time series; n * is the effective number of observations and * is the correction factor in the case of autocorrelation in the sample. The modified MK statistic:
The correction factor can be calculated as:
where is the autocorrelation function of the ranks of the observations. It can also be calculated by the equation by Salas et al. (1980) :
where
where r k is the correction factor for the data X t ; E(X t ) is the average of the input data. Hamed and Rao (1998) also suggest using only statistically significant values of r k , because other values have a negative influence on the values of variance S.
The null hypothesis of the MK and HR tests states that there is no perceptible trend in the sample data. If the resulting p-value is lower than level of significance, then we can reject the null hypothesis (Diermanse et al. 2010) . The Sen's slope and trend analysis tests were programmed and performed in the R free software programming language using the fume and Kendall packages (McLeod 2011 , Santahter Meteorology Group 2012 , R Core Team 2013 .
INPUT DATA
Annual maximum discharges from 59 gauging stations in the Vah River basin (Figure 1) were obtained from the Slovak Hydrometeorological Institute in Bratislava, Slovakia. The annual maximum discharge series for the trend analysis chosen are based on the length of the observations, which is more than 40 years, with a maximum length of 109 years. Annual maximum discharges represent the observed peak maximum values during hydrological year. Mean record length of data set was 53.9 years, median 48 years and mode 41 years. 
RESULTS AND DISCUSSION
The homogeneity was tested on all 59 stations by the SNHT method for a single shift using AnClim software (Stepanek. 2007) ; 18 stations were found not to be homogeneous at a 5% level of significance (Figure 2) . Table 2 gives an insight when the critical values of SNHT were exceeded. It is possible to re-evaluate homogeneity after shortening the time series in 7 cases (5330, 5340, 5350, 5740, 5810, 5880 and 6150) . After removing the extreme floods, all of the shortened time series were found to be homogenous at a 5% level of significance. Calculations were further performed with all 59 stations, and the final results were evaluated with an emphasis on the homogeneous stations. 
Figure 2. Map with locations and station number of homogeneous and nonhomogeneous stations at a 95% level of significance in the Vah River basin
For each of the 59 stations, the positive or negative direction of the trend was calculated by Sen's slope. The trend detected was positive in 27 cases and negative in 32 cases.
The MK and HR tests were applied to the discharge series in the Vah River catchment to assess the significance of the trend for different observation lengths: 40 years from 1970 to 2010; 50 years from 1960 to 2010; 60 years from 1950 to 2010; and the whole period of time observed at all the stations (40 years was the shortest and 109 years was the longest period). In the case of the autocorrelation in the time series, the test results of the MK and HR tests differ; therefore, there is a need to use the corrected HR test. The results were evaluated at the significance levels of 5, 10 and 20% (Table 3) . The null hypothesis (no trend in the time series) could not be rejected at the 20% significance level in 24 cases for the MK and 23 cases for the HR tests in the 40-year-long time period, in 5 cases for both the MK and HR in the 50-year-long time period, in 4 cases for both the MK and HR in the 60-year-long time period; and in 25 cases for the MK and in 24 cases for the HR for the whole time series. At the 10% level of significance, a trend was observed in 17 cases for the MK test and 16 for the HR test in the 40 year-longperiod, 4 cases for the MK and 3 cases for the HR in the 50-year-long period, 3 cases for both the MK and HR during the 60-year-long-period; and in 22 cases for the MK and in 19 cases for the HR for the whole available time series. A trend at the 5% significance level was found in 8 cases for the MK and in 12 cases for the HR tests in the 40-year-long time period, in 3 cases for both the MK and HR in the 50-year-long time period, in 3 cases for the MK and in 2 cases for the HR in the 60-year-long time period, and in 16 cases for the MK and in 15 cases for the HR for the whole available time series.
Due to the autocorrelation present in the time series, the results for the MK trend test and HR test differ; therefore, the HR results were chosen for further analysis. The results of the HR trend test are presented in Figure 3 , which describes the spatial distribution of rising or decreasing trends detected with significance at the 5%, 10% and 20% levels. The results of the 40 years of observations and the whole observed time period suggest the centralisation of a significant rising trend in the upper parts of the catchment and a decreasing trend in the lower parts of the upper Vah River basin. For the length of 50 years, the number of stations decreased to 20, and a significant trend was found in 5 stations, with a centralised rising trend present in the upper parts of the Vah River catchment. Sixty years of observations were available for 14 stations with a statistically significant trend in 4 stations with no clear spatial pattern. Subsequently, we took a closer look at 13 stations with observation periods longer than 60 years (Table 3 ). In the last column of Table 4 , it can be seen that in stations with lengths of observations longer than 60 years, a statistically significant decreasing trend was found (Podsuchá, Hubová, Dierová, Martin, Zborov nad Bystricou and Šaľa); three of those time series (Podsuchá, Hubová and Dierová) were found to be non homogeneous by the SNHT test. A statistically significant rising trend was found at the Východná station, no trend was detected at the rest of the stations. 
CONCLUSIONS
The paper was focused on an analysis of changes in annual maximum discharges in the Vah River basin by the use of trend significance analysis methods. The quality of the data set was tested by the Alexandersson SNHT test. The MK and HR trend tests were applied to different observation lengths -40, 50, 60 and more than 60-year-long time series obtained from 59 gauging stations in the Vah River catchment. A more detailed analysis of 13 stations with the longest periods of observations revealed that with a prolonged length of observation, the possibility of detecting a statistically significant trend increases. The short length of the time series (in some cases, 40 years) may have influenced the possibility of detecting a significant trend in the Vah River catchment, in that any prolongation of a time series observed can significantly influence the detection of a significant trend at the 5% significance level (Diermanse et al. 2010 ). When we also took into consideration the homogeneity analysis results of the SNHT method, a statistically significant decreasing trend was present at the Dierová, Martin, Zborov nad Bystricou and Šala stations.
Finally, we can conclude that a significant rising trend was detected in the upper part of the catchment, mainly in the east Tatra Mountain region and a decreasing trend in the lower part of the upper Vah River basin. These results can help when mapping flood risk areas and developing river basin management plans in the Vah River basin.
